On the basis of a new ab initio, all-electron response scheme, formulated within timedependent density-functional theory, we solve the puzzle posed by the anomalous dispersion of the plasmon linewidth in K. The key damping mechanism is shown to be decay into particlehole pairs involving empty states of d-symmetry. While the effect of many-particle correlations is small, the correlations built into the "final-state" d-bands play an important, and novel, role -which is related to the phase-space complexity associated with these flat bands.
Much less is known about how to calculate accurate lifetimes of electronic excitations for realistic models of solids than about ground-state and structural properties of these systems.
Currently a major thrust is focused on the excitations (involving spin, charge, phononic degrees of freedom, etc.) in systems of strongly-correlated electrons. The complex band structure characteristic of these systems notwithstanding, the prevalent paradigm adopted for their study invokes sophisticated treatments of correlation together with minimal representations of the band structure [1] . Interestingly, for systems with simpler band structures the puzzles posed by a variety of spectroscopic data [2, 3] have led to the advocacy of a similar paradigm. This being the case, the latter systems offer the possibility -which we pursue in this work-that, on account of their relative simplicity, they may be more amenable to ab initio theory.
As a significant example we have that landmark electron energy-loss spectroscopy (EELS) measurements by vom Felde, Sprösser-Prou, and Fink [2, 4] revealed remarkable anomalies in the excitation spectrum of the alkali metals. For example [5] , the dispersion of the plasmon linewidth in K (and to a lesser degree in Na) was found to differ qualitatively from theoretical predictions obtained on the premise that the effects of the one-electron band structure are unimportant, except for the presence of a small gap just above the Fermi surface [6] . On this basis it was concluded that (i) the linewidth dispersion is anomalous, and (ii) the physics behind the anomaly must be due to strong dynamical short-range correlations [2] .
Since these correlations vanish in the high-density limit r S → 0, which is far from being realized in K, in which the density is low (r S~5 ), conclusion (ii) seems "natural," and is consistent with the absence of single-particle fine structure in the EELS data.
In this Letter we show that the anomalous dispersion of the plasmon linewidth in K is, in fact, controlled by decay into single particle-hole pairs involving empty states of dsymmetry. By comparison with the EELS data we conclude that dynamical many-body correlations (which we turn off), do not affect the linewidth dispersion. By contrast, the exchange-correlation effects built into the crucial "final-state" d-bands have a profound impact on the calculated linewidths. The identification of the physics behind the data is made possible by our approaching the problem on the basis of a new all-electron response scheme which is framed within time-dependent density-functional theory (TDDFT) [7, 8] . The response of Kohn-Sham electrons is evaluated for imaginary frequencies, followed by analytic continuation to the real axis, which we perform numerically; this procedure leads us to an accurate extraction of the natural linewidth. The novel features of our results are related to the phase space complexity introduced by the flat d-bands which dominate the physics of the damping; this complexity is absent in popular models of correlated-electron systems [1].
On first glance, it may seem that the energy scale of the physics involved in plasmon damping (~ 4 eV, in K) is too large to be of significance for the current emphasis in the study of low-energy excitations and correlations near the Fermi surface. However, in fully selfconsistent many-body calculations [9] the collective mode feeds back onto the one-particle spectrum, and this effect influences, e.g., the value of the quasiparticle renormalization factor at the Fermi surface. Moreover, the electronic correlations at low energies are of course affected by screening, and this process -usually bypassed via phenomenological on-site interactionsis closely related to the physics of the collective mode.
In TDDFT the exact linear density-response function F Z x x , ; T $ obeys the integral equation [7, 8] (2) incorporate the "crystal-local fields" in the response function. This effect turns out to play a minor role in the present calculations; thus, it will not be mentioned any further.
In this work we compute χ ( ) s making use of the local-density approximation (LDA) in the evaluation of the exchange-correlation potential V x xc $ [10] . The remarkable success of this approximation in the present response context is addressed below. We adopt an allelectron approach, which starts from the knowledge of the LDA band structure and wave functions [11] in the full-potential linearized augmented plane wave (LAPW) method [12] .
We aim at disentangling the effects of the one-particle band structure from those of dynamical many-body correlations. The TDDFT linear-response framework [8] is well suited for this purpose, as it allows us to turn off the latter by setting f xc = 0 -which we do [13] .
Hence, we concentrate on elucidating the impact of single-particle decay channels.
Now, an accurate evaluation of the linewidth of a long-lived excitation such as the K plasmon poses a non-trivial problem to theory. Indeed, when sampling the BZ in Eq. (2), conventional methods introduce numerical broadening via a finite value of η which typically is in the 0.5 eV range -larger than the natural linewidth. We proceed differently. We first compute χ ( ) s , and solve Eq. (1), for imaginary frequencies -this allows us to sample the BZ without numerical broadening; η ≡ 0 in Eq. (2). The physical response χ is obtained on the real axis -a distance G above it-by analytic continuation, which we perform via Padé approximants [14] . The power of our method is illustrated in Fig. 1 , in which we compare the loss function Im ;
0 $ obtained as just outlined [15] with its counterpart obtained via the (more standard) direct evaluation of Eq. (2) for real ω 's (a finite η is now required) [16] .
Figure 1 corresponds to a 16x16x16 wave vector mesh [17] ; for the same k -mesh, the realaxis approach cannot resolve the linewidth. It is crucial that our calculated loss peak is quite insensitive to a decrease of G by an order of magnitude. Since in the upper panel 2G is ~ 1/100 of the plasmon linewidth, an accurate value of the natural width is thus extracted [18] .
In Fig. 2 we show a well-converged calculation of the plasmon linewidth dispersion of K (solid circles), obtained using a 20x20x20
k -mesh and an energy cutoff of 20 eV in Eq. (2), corresponding to the inclusion of ~ 20 valence bands plus core states (the latter states are discussed towards the end of our presentation). Our result is compared with the EELS data of vom Felde et al. [2] (empty diamonds). Note that the full-width at half-maximum of the plasmon peak, ∆E q 1 2 / $, is given relative to its extrapolated value for q = 0 , a convention also adopted by previous authors [2, 6] . In Fig. 3 we analyze the role of key "final state" bands entering the evaluation of the single-particle response χ ( ) s ; the relevant part of the band structure is shown in the inset of We concluded above that dynamical many-body correlations are unimportant in the present problem. However, there is a subtle many-body effect built into our result of Fig. 2; the same has to do with the exchange-correlation effects included in the Kohn-Sham response Finally, we note that K has a polarizable core, which impacts the damping process via the second factor in Eq. (3). The "local-orbital" extension of the LAPW method [12] allows us to treat the contribution to F 24.
In Fig. 3 we excluded the contribution to χ ( ) s from the semicore states, since these are absent in the results of [6] . On an absolute scale, the converged calculation of Fig. 2 differs from the 6-band calculation of Fig. 3 mainly because of the effect of these states.
25. K. Sturm, E. Zaremba, and K. Nuroh, Phys. Rev. B 42, 6973 (1990) have discussed the physics of the core polarizability using semi-analytical techniques.
26. An accurate evaluation of lifetimes of subtle modes such as spin waves in itinerant systems may require the evaluation of an ω -dependent f xc in the presence of the band structure. Theory is for (1,1,0) propagation; the EELS data are for polycrystalline K. 
